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I’OREWORD 


This technical report presents the results of the Design Study of RLIO 
Derivatives for Space Tug propulsion. The study was conducted by the Pratt & 
Whitney Aircraft Division of United Aircraft Corporation for the National Aero- 
nautics and Space Administration, George C. Marshall Space Flight Center 
under Contract NAS8-28989. 

The results of this study are contained in the following four volumes, wTiich 
are submitted in accordance with the data requirements of Contract NAS8-28989. 


Volume I 
Volmne II 
Volume III, Part 1 
Volume III, Part 2 
Volume IV 


Program Summary 
Engine Design Characteristics 
Preliminary Interface Control Document 
Operational and Flight Support Plan 
Development Plans and Program Costs 


This program was initiated in the middle of February 1973, with the tech- 
nical effort being completed in seven months and the delivery of the final report 
on 15 December 1973. The study effort was conducted under the direction of 
the George C. Marshall Space Flight Center Science and Engineering organiza- 
tion with Mr, Frederick W. Braam as Contracting Officer’s Representative. 

This effort v/as carried out by Pratt & Whitney Aircraft at their Florida Research 
• and Development Center under the direction of Mr. J. P, B. Cuffe, Study Manager, 
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1, SCOPE 

The purpose of this preliminary Interface Control Document (ICD) is to 
define the preliminary cnnine/tuR interface requiremems for the Category I en- 
gine and three baseline engines selected for stutly during this program. The 
group of three baseline engines selected for conceptual ticsign (.lefinition, and 
the Category I engine arc defined in the following subsections, 

1.1 Engine No, 1 (Derivative IIA) 

Engine No. I (Derivative IIA) is the baseline RLlOA-3-3 engine modified 
to give desired Sjace Tug operating characteristics, including operation with 
two-phase propellants, and a two-position no;:zlc. The engine has the following 
modifications and operating modes: 

a. Two-p .sition nozzle, with rccontourcd primary section 

b. Reoptimized injector 

c. Tank head idle mode 

(1. Low thrust capability (defined as the lowest powered stable 

operating level achievable without significant design impacts) 

c. Operation with two-phase propellants at bot'i full and reduced 
thrust, with saturated propellants in the vehicle tanks and with 
no tank pressurization system 

f. Capability for autogenous pressurization, that may be required 
on very long burn planetary missions. 

The Derivative IIA engine will proiluce a nominal vacuum thrust of 15,000 lb at 
a specific impulse of -159.2 sec when operating at the design mixture ratio of 
6.0 and the nominal chamber pressure of -100 psia. Engine operation at low 
(maneuver) thrust will be at 25S; of full thrust. The engine has an installed lengti. 
of 70 in. With the retractable nozzle in the extended position, the overall expan- 
sion ratio is 2fi2;l. 

1.2 Engine No. 2 (Derivf live IlH) 

Engine No. 2 (Derivative IIB) is the baseline HI.lOA-2-3 engine modified 
to give desired Space iug operating characteristics, including operation in the 
pumped idle mode, with a two-position nozzle. The engine has the following 
modifications and operating modes: 

a. Two-position nozzle, with recontoured primary section 

b. Reoptimized injector 

c. Tank head idle mod? 

d. Pumped idle mode with saturated propellants in vehicle tanks 

e. Bootstrap autogenous pressurization. 
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The Derivative IIB engine will produce a nominal vacuum thrust of 15,000 Ib at a 
specific impulse of 459.2 sec when operating at the design mixture ratio of G.O 
and the nominal chamber pressure of 400 psin* Engine operation at low thrust, 
in pumped idle mode, will be at 25% of full thrust. The engine has an inc,.aUed 
length of 70 in. With the retractable nozzle in the extended position, the overall 
expansion ratio is 262:1. 

i 

I 1.3 Engine No. 3 (Category IV) 

1 

Engine No. 3 (Category IV), the RLIO Extension, uses the expander cycle 
I and much of the RLIO technology, but it is a ’’clean sheet” design for maximum 

performance in the full capability Space Tug. The engine has a two-position 
nozzle, and is interchangeable with the RLIO Derivative IIA engine, having the 
I same operating modes and propellant inlet interfaces. 

! The Category IV engine produces a nominal vacuum thrust of 15,000 lb at 

I a specific impulse of 470.0 sec when operating at the design mixture ratio of 6.0 

i with a nominal chamber pressure of 915 psia* Maneuver thrust is 25% of full 

i thrust. The installed engine length is 57 in. The overall nozzle expansion ratio 

; (tw'o-position nozzle extended) is 401:1. 

! 

: Category I Engine 

I The Category I engine is the existing RLlOA-3-3 engine with minimum modi- 

fications to requalify for operation under Space Tug conditions. The engine differs 
from the RLlOA-3-3 as follows: 

a. Nominal mixture ratio increased to 6.0 from 5.0 

b. Reduced pump thermal conditioning losses by incorporation of 
trickle cooldown 

j c. Reduced NPSH requirements 

d. Autogenous hydrogen tank pressurization 

e. Increased life 

; The Category I engine will produce a nominal vacuum thrust of 15,000 lb 

and a specific impulse of 438 sec at the nominal operating conditions for mixture 
ratio and chamber pressure of 6.0 and 400 psla, respectively. The. engine has a 
fixed position nozzle with an expansion ratio of 57:1 and an installed length of 
70. 1 in. 

; 1.5 Test Capabilities 

All the engines will be tested at the Pratt & Whitney Aircraft Florida Re- 
search and Development Center (FRDC) with a truncated two-position nozzle 
I installed, where applicable, including nozzle actuation system, coolant supply 

* and primary /secondary nozzle seal. 
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1.6 Terminology 


Terminology used in this document is presented below; 


a. Autogenous Pressurization - Any mode of operation in which 
the engine provides all of the vehicle tank pressurization gas 
required to sustain engine operation. 


b. Bootstrap Autogenous Pressurization - Mode of operation in 
which the engine starts with saturated propellants in the 
vehicle tanks and provides the prepressurization required to 
be able to operate at full thrust. 

c. CooldouTi - Thermal conditioning of the engine cryogenic com- 
ponents, particularly the pumps. 


d. Deceleration - Decreasing thrust from one power level to a 
lower level. 



e. Full Thrust - Normal maximum thrust level for which the 
engine is designed and rated. 

f. Maneuvering Thrust - Intermediate thrust level for medium 
AV requirements. 

g. Normal Shutdown - Cessation of engine operation upon command. 

h. Pumped Idle - Intermediate thrust level operation with turbo- 
pump rotating and saturated propellants in vehicle tanks for 
medium AV requirements. Provides hydrogen and oxygen bleed 
gases for bootstrap autogenous pressurization. 

1. Steady- State Thrust - Operation at any of the three modes 

(tank head idle, maneuvering thrust, full thrust) in which 
engine thrust is essentially constant except for minor varia- 
tions produced by changes in engine inlet conditions, tank 
pressurizing flowrates, etc. 

j. Tank Head Idle - Pressure fed mode of operation (nonrotating 
turbopump) used for thermal conditioning of cryogenic com- 
ponents, and for producing low AV’s for propellant settling 
and low thrust maneuvering, 

1.7 Abbreviations and S^>Tnbols 

Abbreviations and symbols used are presented below; 





Item 

Definition 

amp 

Amperes 

CCW 

Counterclockwise 
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Definition 


Centimeter 


Decibel 


Diameter 


Nozzle expansion ratio 
Engine Reference Plane 


Extended 


Fahrenheit 


Gravitational constant 
Gaseous hydrogen 


GMRV 


Ground Mixture Ratio Valve 


Gaseous nitrogen 
Gaseous oxygen 


Gaseous oxygen 


Helium 


Hertz 


Moment of Inertia 


Inside Diameter 


Inch(es) 

Johnson Space Center 

Length 

Pound (s) 

Liquid hydrogen 
Liquid oxygen 


Low speed inducer 
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Item 

max 

MFSOV 

min 

MR 

MSFC 

mv dc 

N/A 

No. 

NPSH 

NPSP 

P 

PI 

psia 

pslg 

PU 

n 

rad 

ref 

rpm 

RTC 

sec 

SOV 

T 

TBD 

THD 

THI 


Pratt & Whitney filrcraft 
FR-6011 
Volume ni 
Part 1 

I>efinition 

Maximum 

Main fuel shutoff valve 
Minimum, minutes 
Mixture ratio 

Marshall Space Flight Center 
Millivolts, direct current 
Not applicable 
Number 

Net positive suction head 
Net positive suction pressure 
Pressure 
Pumped idle 

Pounds per square in. , absolute 

Pounds per square in., gauge 

Propellant Utilization 

Rankine, radius 

Radians 

Reference 

Revolutions per minute 

Retracted 

Second (s) 

Shutoff Valve 
Temperature 
To be determined 
Thread 

Tank head idle 
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Item 


Definition 


V 

Velocity 

vac 

Vacuum 

vdc 

Volts, direct current 
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*■ 

SECTION B 

MECHANICAL INTERFACE CONNECTIONS 


1. GENERAL 

1.1 Mechanical Connections 

The Category I, Derivative IIA and IIB, and Category IV engines are designed 
for maximum interchangeability for ease of vehicle system integration* The 
mechanical connections between the engine and vehicle consist of the gimbal thrust 
mount and actuator attachment points, propcllav- inlets, pneumatic and electrical 
supply connections, and tank pressurization flow supply points. Mechanical inter- 
faces for the four engines are show^ in the installation drawings, figures B-1 
through B-4. A dimensional comparison of the four engines is shown in table B-1, 
Figure B-5 provides dimensional references. 

1. 1. 1 Gimbal Thrust Mount and Actuator Attachment 

The gimbal thrust mount is a mechanical connection at the forward end of the 
engine gimbal. Thrust axis alignment provisions are included with each engine. 
Two attachment points for the gimbal actuators are also provided. The attach- 
ment points and the engine gimbal are designed tor the degrees gimbaling and 
accelerations as shown in Section G. 

1. 1. 2 Propellant Inlets 

1.1.2. 1 Inlet Diameters 

The propellant inlet connections are made at the fuel and oxidizer inlet shut- 
off valves, with these interfaces located slightly below the gimbal interface. The 
inlet diameters of the Category I and Derivative IIB engines are the same as those 
of the RLlOA-3-3 engine. The Derivative IIA and Category IV engines have in- 
creased pump inlet diameters for two-phase pumping capability. The estimated 
inlet diameters for the fuel and oxidizer inlet valves are shown in table B-2. 

Inlet line installation information and engine inlet dimensions are shown in fig- 
ures B-6 through B-9. 

1. 1. 2. 2 Inlet Duct Straight Section 

The Inlet duct sections to the four engines should be configured to provide 
velocity and pressure profiles that do not exceed flat profiles by *5%. 

1.1.3 Pneumatic Connections 

A single helium supply connection is provided on the clectrical/pneumatic 
interface panel shown in figure B-10 and is located as previously shown in fig- 
ures B-1 through B-4. 

1.1.4 Tank Pressurization Connections 

The hydrogen and oxygen tank pressurant supply connections arc located at 
the forward end of the engine as previously shown in figures B-1 through B-4. 
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Table B-2. Engine Inlet Diameters 


Part 1 


Engine 

Oxidizer, in. 

Fuel, in. 

Category I 

1.920 

2.156 

Derivative IIA 

4.60 

3.20 

Derivative IIB 

1.920 

2.156 

Category IV 

4.60 

3.20 


1.1.5 Electrical Connections 

Electrical connections to the engine will be provided by the use of con- 
nectors shown in figure B-10 at locations defined earlier in figures B-1 through 
B-4. 


2. ACCESSORIES CHARACTERISTICS 

2.1 Accessory Drive 

The Category I and Derivative IIB engine accessory drive pads are located 
on the aft ends of their oxidizer pumps, and are identical to that of the RLlOA-3-3 
engine. The Derivative IIA and Category IV engines are not equipped with accessory 
drives. 

2.1.1 Drive Pad Data 

Table B-3 presents estimated drive pad data for the Category I and 
Derivative IIB engines. 


Tabic B-3. Drive Pad Data 



Category I 

Derivative IIB 

Drive Pad Type 

AND 20,000 Type X-A 

AND 20, 000 Type X-. 

Speed Nominal, rpm 

12,100 

11, 130 

Acceleration Max, rpm/sec 

38,000 

9,900 

Max Transient Speed, rpm 

14,100 

11,200 

Max Continuous Torque, in, -lb 

20 

20 

Max Static Torque, in, -lb 

20 

20 

Direction of Rotation 

CCW 

CCW 

Temperature at Pad Face, °R 

Approx 80 

80 

Designed Accessory Load (Ig), lb 
Designed Overhang Moment (Ig), 

20 

20 

in, -lb 

90 

90 


2.1.2 Accessory Drive Leakage 

The accessory drives of the Category I and Derivative IIB engines wdll not 
accept leakage of material from the vehicle-supplied accessory that will: 


a 


Be solid at or above 40°R 
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b. Enter the Interface cavity at a flowrate sufficient to raise J) 

the interface cavity pressure to 18 psia (at vacuum ambient) 

c. Otherwise introduce a hazardous condition. 
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Figure B-1. RLIO Category I Installation Drawing (Sheet 2) 
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Figure B-6. Engine Fuel Inlet, Category I and FD 66800 

Derivative IlD Engines 
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SECTION C 

ENGINE OPERATING CHARACTERISTICS 


1. GENERAL 


The Cafccf^ory I, Derivatives IIA and IIB, and Category IV^ engines will 
start, operate and shut down as indicated in the following subsections at altitudes 
(pressure levels) at or above 200,000 ft when the retractable nozzle (for appli- 
cable engines) is in the extended position and the proper interface operating con- 
ditions are supplied. 

The RLIO derivative engines use the expander cycle to drive the fuel and 
oxidizer pumps. In this closed cycle, all propellants (except for normal ventage 
and vehicle tank pressurants) are combusted in the thrust chamber to provide 
useful thrust. Fuel is used to regeneratively cool the thrust chamber as well as 
provide turbopump power. High pressure hydrogen fuel supplied by the fuel 
pump enters the chamber cooling jacket as a liquid and it is discharged as a 
superheated vapor. This warm gaseous hydrogen is then expanded through the 
turbine(s) to drive the fuel and oxidizer pumps to produce the required system 
pressures. Hydrogen How from the turbine(s) is injected into the thrust chamber 
combustor where it is combined and burned with high pressure oxidizer delivered 
directly from the oxidizer pump. The hot combustion products are then expanded 
in the thrust chamber nozzle to provide engine thrust. 

Operation of the RLIO Derivative engines is dependent on vehicle-supplied 
electrical power and helium. A summary of engine electrical sequence require- 
ments is provided in table C-1 for the Category I engine and for the Derivative IIA 
and IIB, and Category IV engines. Electrical power demand is presented in 
Section D. 


Table C-1. Engine Electrical Sequence Requirements 
Category I Engine 



Prestart 

Solenoid 

Valve 

Start 

Solenoid 

Valve 

Oxidizer B 3 rpass 
and Fuel Pump 
Interstage Bleed 
Solenoid Valve 

Ignition 

System 

Prestart 

(Trickle Cooldown) 

X 


X 


Start 

X 

X 


X 

Full Thrust 

X 

X 




ls& 
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Table C-1. Enp^ine Electrical Sorjuotico ilequircments (Continued) 
JX‘rivative IIA and HU and Category IV Engines 



Start 

Solenoid 

Valve 

Bypass 
Solenoid 
Valve 
No. 1 

Byqjass 
Solenoid 
V\nlve 
No, 2 

Fuel 

SOV 

Solenoid 

Valve 

Ignition 

System 

Extendible 

Nozzle 

Drive 

Motors 

Prestart 






X 

Tank Head Idle 

X 

X 



X 


rdaneuver Thrust 

X 


X 

X 

X 


(pumped idle) 







Full Thrust 

X 



X 




X - Engine function requires vehicic-supplied power 


I* 1 Engine Dperntion 
1,1.1 Category I Engine 

Operation of the Category I engine is detailed in the propellant flow sche* 
matlc shown in figure C-1 and in the seciuence of operation chart presented in 
figure C-2. 

Conditioning of the cryogenic engine components is initiated when vehicle- 
supplied electrical power energizes l)oth the preslart and oxidizer bypass and 
fuel interstage bleed solenoid valves. Energizing the prestart solenoid valve 
allows high pressure vehiclo-suppl led helium to open the fuel and oxidizer inlet 
shutoff valves and to close down the port area in the fuel pump discharge cooldown 
and pressure relief valve to the area rc(|Ulred for fuel purt'ip cooldown. Energizing 
the oxiilizer bypass and fuel inti'rstage bleed solenoid valve permits vehicle 
i»upplied helium to close the oxidizer flow control bypass and the fuel pump inter- 
stage valve blee<l area. Hydrogen eoolrlown flow passes through the fuel pump 
and out through the fuel pump discharge cooldown valve where it is dumped over- 
board through the fuel vent system. ’Fhc hydrogen flowrate is set by the port area 
of the discharge cooldown valve. Oxygen cooldown flow passes through the 
oxidizer pump, through the oxidizer flow control valve and into the propellant in- 
jector where it is flumped overboard through the injector and thrust chamber. 

The oxygen flowrate is set by the oxidizer flow' control valve area. 

After engine thermal conditioning has been completed, electrical power is 
supplied by the vehicle to energize the ignition system and start solenoifl. Elec- 
trical power is removed from the oxidizer byt)ass and fuel pump interst.agc bleed 
solenoid valve at lids time tltorcV^y venting high pressure helium from llie oxidizer 
flow control bypass and the fuel pump interstage bleed valve. With helium, pres- 
sure removed, the oxidizer bypass opens to its maximum area to provide in- 
creased oxidizer flow and mixture ratio necessary for satisfactory ignition of the 
propellants in the igniter «and engine combustion chamber. The fuel pump inter- 
stage biccu valve also opeOvS to its maximum area to provide an overboard bleed 
that increases pump flow to assure stall-free pump operation during the engine 
acceleration. The fuel pump discharge cooldown and pressure relief valve fully 
closes and the main fuel shutoff valve fully opens upon application of helium 
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pressure from the start solenoid valve. Opening the main fuel shutoff valve 
allows fuel to enter the clumber and ignition to take place upon achieving a com- 
bustible level of mixture ratio and unlit thrust chamber pressure. 

As the turbopump accelerates, fuel pump discharge pressure cictses the 
fuel pump interstage bleed valve. The oxidizer How control valve main flow 
area opens during engine acceleration to provide increased oxygen to regulate 
clumber mixture ratio. Valve actuation is achieved by using oxidizer pump 
differential pressure. The thrust control, vliich is normally spidng-lo.ulei* 
closed, opens near the end of the acceleration, when chamber pressure reaches 
a preset level, and bypasses fuel flow around the turbine to minimize thrust over- 
shoot. 


During full thrust operation the oxidizer flow control sets the engine mixture 
ratio. It incorporates provisions for gi'ound adjustment of the main oxidizer flow 
area to set a desired nominal mixture ratio and for inflight adjustments to the 
area to vary the operating mixture ratio for vehicle propellant utilization pur- 
poses. The thrust control senses combustion chamber pressure and it positions 
a pneumatic servo which controls turbine bypass area to maintain a preset cham- 
ber pressure level as the engine inlet conditions and mixture rati^ irc varied. 

The thrust control incorporates n provision for ground adjustment of the nominal 
chamber pressure lev el. Gaseous hydrogen for fuel tank ]>res.suMzation can be 
bled from the engine during lull thrust operation. The fuel tank pressurization 
valve opens during the start transient as fuel injector pn*ssure nears full 
thrust level and the valve remains open throughout steady-state engine operation. 

Shutdown is initiated by the simultaneous removal of the vchiclc-suppUcd 
electrical power to the start and prestart solenoid v^alves. Wlicn the solenoid valves 
arc de-energized, helium is vented ITom the engine valves, permitting them to 
return to their normal nonoperating positions. The oxidizer pump inlet, oxidizer 
flow control bypass, fuel pump inlet, and the main fuel shutoff valves close stop- 
ping the flow of propellants to the engine and providing a rapid cessation of the 
combustion, 'rhe fuel pump interstrge blee<l and fuel pump discharge cooldown 
and pressure relief valves open, venting trapped fuel overboard. The fuel tank 
pressurization valve and oxidizer flow control main area close as fuel and oxidi- 
zer pressures in the engine decay during pump deceleration. Heintivc timing 
of the valves is controlled such that a rapid, repeatable shutdown of the engine 
is accomplished. 

1. 2 Derivative HA and Engines 

The Derivative II A and II B engines are capable of operation at tank head 
idle, maneuvering thrust (pumped idle) or full thrust power levels. With minor 
exceptions, operation of th.e two engines is identical, DefinUion of Derivative IIA 
and II B engine operation is detailed in the propellant flow schematics shown in 
figures C-3 and C-4 and in the sequence of operation chart, figure C-5. 

Following deplo>Tnent of the Space Tug from the Orbiter cargo bay, electri- 
cal power from the vehicle is supplied to the two electric motors causing the 
movable portion of the nozzle to translate to its fully extended position. 

The engine is started in the tank head idle (Till) mode, to operate ns a 
pressure-fed device without the turbc>pumps rotating to settle propellants and 
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thermally condition the enj;ine* Start is Initiated when electrical power from the 
vehicle onerf^i/.es the start solenoid valve, which allows vehicle-supplied, high 
pressure helium to open the propellant inlet valves and close the fuel vent valve 
while also feeding helium to two other solenoid valves. At start the turbine 
bjpass solenoid valve No. I is also energized to open the turbine bypass valve 
to its maximum area. Simultaneously with the opening of the start solenoid and 
*urbine bvi^ass valves, the torch igniter system is energized by vehicle-supplied 
power. Hydrogen enters the engine through the fuel pump, flows through the 
thrust chamber cooling jacket and then bypasses the turbine via the turbine bypass 
valve and the GO 2 heat exchanger, to flow out through the fuel injector and the 
Because the oxidizer flow control [s closed, oxidizer is routed through the GO 2 
heat exchanger, the GO 2 control valve, and is finally injected into the thrust 
chamber combustor as a superheated vapor where it is mixed with the fuel flow. 
Thrust chamber ignition occurs as soon as a combustible level of mixture ratio 
and unlit thrust chamber pressure is achieved. As the engine is chilled down, 
propellant flowrates increase because valve flow areas are held constant. The 
GO 2 heat exchanger ensures that no dangerous increase in mixture ratio occurs 
when the oxidizer pump is conditioned by preventing any phase change in the 
oxidizer injector. No active control system is required. 

The transition from THI to maneuvering thrust (pumped idle) is initiated 
when vehicle electrical power energizes the fuel solenoid valve to open the main 
fuel shutoff valve, de-energizes the bypass solenoid valve No, 1 to close the 
turbine bypass valve, and energizes the turbine bypass solenoid valve No. 2. 

Since all the hydrogen goes through the turbine, a high initial turbine torque is 
generated. As the engine accelerates, fuel turbine inlet pressure is routed 
through the turbine b\^ass solenoid valve No. 2 to reopen the turbine bypass 
valve to the position required for maneuvering thrust (pumped idle). The oxidizer 
control valve (spring-loaded closed) is simultaneously opened by oxidizer pump 
discharge pressure to the area required for maneuver thrust (pumped idle). This 
pressure also closes the spring-loaded GO 2 control valve. The fuel and oxidizer 
tank pressurization valves, also spring-loaded closed, are opened by the increas- 
ing engine system pressures. The spring-loaded nozzle coolant valve flow area 
is also increased as fuel pump pressure bai Ids up. 

Steady-state operation of the engines during maneuver thrust (pumped idle) 
docs not require an active control system. Preset control areas assure safe 
operating conditions during this operational mode. The IXirivativo fIB engine 
provides gaseous fuel and oxidizer for bootstrap autogenous tank prepresssuriza- 
tion prior to acceleration to full thrust. 

The acceleration from maneuvering thrust (pumped idle) to full thrust 
begins when electrical power from the vehicle to the turbine bypass solenoid valve 
No. 2 is removed. Tiiis vents hydrogen from the turbine bypass nilvc actuator, 
allowing the turbine bvpass valve to close. The resultant additional fuel flow 
through the turbine causes the engine to accelerate to full thrust, the rate of 
acceleration being determined by the rate at which the turbine bvpass valve is 
allowed to close. Inci easing oxidizer pump differential pressure opens the oxi- 
dizer flow control to its full thrust flow area to regulate chamber mixture ratio. 
The thrust control valve is spring-loaded closed, but is opened when the thrust 
chnmbei pressure reaches approximately 360 psia permitting fuel flow to bypass 
the turbine to minimize thrust overshoot. 
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During full thrust operation, the oxidizer flow control sets the engine 
mixture ratio. It incorporates provisions for ground adjustment of the main oxi- 
dizer flow area to set a desired nominal mixture ratio (the GMHV) and for attach- 
ing an actuator for inflight adjustments to the area to vary the operating mixture 
ratio for vehicle propellant utilization. The thrust control senses combustion 
chamber pressure and positions a pneumatic servo, which controls turbine bypass 
area to maintain a preset chamber pressure level ns the engine inlet conditions 
and mi:':ture ratio are varied. The thrust control incorporates a provision for 
ground adjustment of the nominal chamber pressure level. 

Deceleration of the Dcrivati'^e IIA and IIB engines is initiated b^" the removal 
and application of electrical vehicle power from and to the appropriate engine 
solenoid valves. The engines can be decelerated from full thrust to maneuvering 
thrust (pumped idle) or to tank head idle. A deceleration from full thrust to tank 
head idle must pass through the maneuvering thrust (pumped idle) level. A mini- 
mum period of two seconds must elapse between descending power level commands. 

Sliutdown of the engines on vehicle command can be accomplished directly 
from full thrust, maneuvering thrust (pumped idle), or tank head idle. For the 
purpose of describing operation of the engines, the sequencing for a shutdown 
where tlje engine is decelerated from full thrust to maneuvering thrust (pumped 
idle) and is then shut down is presented below. The valve sequencing is ns pre- 
viously shown in figure C-5. 

The deceleration from full thrust to maneuvering thrust (pumped idle) is 
initiated by supplying vehicle electrical power to the turbine bypass solenoid 
v«alve No, 2. This allows fuel turbine inlet pressure to open the turbine bypass 
valve to the required area for maneuvering thrust (pumped idle). The resultant 
decrease in turbine flow reduces turbine power, causing the engine to decelerate. 

As the oxidizer pump discharge pressure decays, the spring-loaded oxidizer flow 
control closes to its setting for maneuver thrust. The lower turbine inlet tem- 
perature at full thrust causes a slight thrust undershoot before conditions in 
maneuver thrust are stabilized. After the engine has decelerated to the maneuver- 
ing thrust (pumped idle) level, shutdown is initiated by removal of vehicle elec- 
trical power from the start solenoid, the fuel SOV solenoid and the turbine bypass 
solenoid No. 2 valves. Venting of helium from the start solenoid valve also vents 
the helium from the other two helium solenoid valves, the two inlet shutoff valves, 
and the fuel vent valve. As n result, the inlet shutoff valves close and the fuel 
vent valve opens to vent trapped fuel from the engine. The main fuel shutoff 
valve closes rapidly to cut off fuel How to the injoctor. This abruptly terminates 
combustion in the thrust chamber, giving a smooth and repeatable cutoff. The 
spring-loaded oxidizer valves return to their normal positions as oxidizer pres- 
sure decreases. Oxygen downstream of the engine inlet shutoff valve vents out 
through the main chamber injector via the G02 control valve. 

1.3 Category IV Engine 

The operating mode capabilities as well as the operation of the Cajogory IV 
engine are essentially identical to that described for the Derivative IIA and IJ.B 
engines in the prior subsection 1.2. In the Category Iv engine, the functions of 
three of the valves of the Derivative HA and IIB engines are incorporated within 
a single housing. The Category IV engine main fuel control replaces the fuel 
vent, thrust control and turbine bypass valves of the other engines. Definition 
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of the Category IV engine operation Is presented in the propellant flow sche- I j 

matlc, figure C-6, and in the seqeuence of operation chart, figure C-7. For 
details of the operation of the Category IV engine, refer to the description pro- 
vided in subsection 1.2 for the Derivative IIA and IIB engines. 

2. STEADY-STATE OPERATING CHARACTERISTICS 

Steady-state operating characteristics for the RLIO derivative engines 
are shown in table C-2 and in the cycle propellant flow schematics presented in 
figures C-8 through C-11. Off-design specific impulse and thrust characteris- 
tics for the engines at full thrust are presented in figures C-12 through C-14, 
and figures C-15 through C-17, respectively. The effects of changes in pro- 
pellant inlet pressures and fuel tank pressurant flowrates on engine thrust, 
mixture ratio and vacuum specific impulse are shown in figures C-18 through C-32. 


Table C-2. Engine Steady- State Design Point Operation 



Category I 

Engine 

Derivative IIA Derivative IIB 

Category IV 

Full Thrust Operation 

Thrust (vne), lb 

15,000+3%(1) 

15,000i3%(l) 

15,000i3%(l) 

15,000+3%(1) 

Mixture Rntio 

G. 013*2(1) 

G.Oi3*/o(l) 

6.013*2,(1) 

G.0»3%(1) 

Chamber Pressure, psia 

400 

400 

400 

915 

Specific Impulse, sec 

438-12.5(2) 

459.212.8(2) 

459. 2j 2. 8(2) 

470.0i2.8(2) 

Required Inlet Condition 

Fuel 

>14 ft NPSH 

<40% vapor 

>14 ft NPSH 

<40% vapor 

Oxidizer 

>7.5 ft NPSH 

<40% vapor 

>7.5 ft NPSH 

<40% vapor 

Idle Mode Operation 

Maneuvering Thrust 





(Pumped Idle) 

Thrust (vac), Ib 

N/A 

3,750 

3,750 

3,750 

Mixture Ratio 


G.O 

6.0 

6.0 

Specific Impulse, sec 


442.5 

442.5 

457.8 

Tank Head Idle (With Liquid/ 
Liquid Inlet Conditions) 

Thrust (vac), lb 

N/A 

157 

157 

73 

Mixture Ratio 


4.0 

4.0 

4.0 

Specific Impulse, sec 


387 

387 

385 

Engine Life 

Firings/hr 

>190/5 

>190/5 

>lD0/5 

300/10 

^^^3(7 Variation, Includes effect of field replacement of cofnponents listed in 
Operations and Field Support Plan. 

(2) Engine to Engine 3cr variations. 
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Warm hydrogen gas can be provided by the Category I engine and both 
warm hydrogen and oxygen gas can be provided by the l>erivntive IIA and IIB, 
and Category IV engines for use in vehicle tank pressurization • The estimated 
effects of varying pressurant flowrates on pressurant temperatures are shown 
in figures C-33 through C-41, 

3. TRANSIENT OPERATING CHARACTERISTICS 

3. 1 Engine Start 

3.1.1 Category I Engine 

The Category I engine is designed to start and move to full thrust after 
engine thermal conditioning has been completed. The propellants in the vehicle 
tanks have to be settled and pressurized sufficiently to provide the engine with 
the NPSil levels required for full thrust operation. 

Cooldown of the engine is initiated when vehicle^supplied electrical power 
energizes the engine solenoid valves. These solenoid valves permit vehicle- 
supplied high pressure helium to actuate the necessary valves to allow liquid 
hydrogen to pass through the fuel pump and then overboard through the fuel vent 
system. Similarly, liquid oxygen flows through the oxidizer pump and propellant 
injector and then overboard through the thrust chamber. Cooldown characteristics 
are provided in figures C-42 through C-47 for the oxidizer side, and in fig- 
ures C-48 through C-52 for the fuel side. As an aid to the user, examples of the 
use of the cooldown curves are presented in table C-3. 

After cooldown has been completed, vehicle-supplied electrical power to 
the engine solenoids causes the engine valves to be positioned for the acceleration 
and simultaneously energizes the ignition system. After ignition occurs in the 
thrust chamber combustor, the engine accelerates to full thrust with Uie engine 
valves being actuated as required during the acceleration by engine system pres- 
sures. The thrust and propellant flow characteristics for the start transient are 
showTi in figures C-53 and C-54, respectively. 

3.1.2 Derivative IIA, HR and Category IV Engines 

The Derivative IIA and IIB, and Category IV engines are designed for 
thret-“Step start operation: start to tank head idle, acceleration from tank head 
idle to maneuvering thrust (pumped idle) and acceleration from maneuvering 
thrust (pumped idle) to full thrust. These engines must be started in this three- 
step sequence. 

All three engines use the tank head idle (TUI) mode of operation to settle pro- 
pellants in ihe vehicle tanks and thermally condition the lurbopumps prior to 
initiation of pumped operation. The engines can be started in Till with any com- 
bination of vapor, mixed phase or liquid propellants within the temperature- 
pressure limits shoxvn in Section E, Engine Fluid Requirements. Thrust charac- 
teristics for the engines during tank head idle operation are presented in fig- 
ures C-55 through C-57. After proper pump conditioning has been ac'hicved, 
vehicle-supplied power to the engine solenoid valves initiates actuation of the 
engine control valves w]ii(‘h permits the engine to accelerate to the maneuvering 
thrust (pumped idle) operating level (25% of full thrust). All three engines are 
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capable of operating In the maneuvering thrust (pumped idle) mode with saturated 
propellants in the vehicle tanks. The Derivative II3 engine has a bootstrap autog- 
enous pressurization capability by which the engine can prepressurize the 
vehicle tanks while at pumped idle prior to acceleration to full thrust. The 
Derivative llA and Category IV engines are capable of acceleration to and opera- 
tion at full thrust with saturated liquid propellants in the vehicle tanks. Accelera- 
tion characteristics from tank head idle to maneuvering thrust (pumped idle) and 
maneuvering thrust (pumped idle) to full thrust are shown in figures C-58 through 
C-65. 

3.2 Engine Shutdown 

3. 2. 1 Category I Engine 

Shutdown is accomplished by removing the vehicle-supplied power from the 
engine solenoid valves. This causes the engine inlet shutoff valves and main fuel 
shutoff valve to close. At shutdown the fuel cooldown and bleed valves also open 
thereby permitting fuel trapped In the engine to be vented overboard. Relative 
valve timing is closely controlled to provide a rapid, repeatable shutdown. The 
Category I engine shutdown thrust characteristics are shown in figure C-66. 

3. 2. 2 Derivative IIA, IIB and Category FV Engines 

Deceleration and shutdown are initiated by vehicle-supplied power to the 
engine solenoid valves. The three engines may be shut down directly from full 
thrust or they can first be decelerated to maneuvering thrust (pumped idle) 
and then shut down. Shutdown from maneuvering thrust (pumped idle) can either 
be direct or the engine may be dcclcrated to tank head idle before the shutdown 
Is initiated. After a shutdown has been completed, all valves and control sys- 
tem components are in a position of readiness for the next engine firing. Esti- 
mated deceleration and shutdown characteristics for the Derivative IIA and IIB 
and Category IV engines are presented in figures C-(17 and C-68. 
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Table C-3, Use of Cooldown Curves 

Oxidizer pump housing temperature is expected to be 500‘^R; inlet con- 
ditions are 24 psia with KPSP of 8 psi; oxidizer flow control area is 0.05 in. 

Case No. 1 

Required oxidizer cooldown is 89 sec with 5.6 lb O 2 consumption (read 
from figure C-43). 

Case No. 2 


If oxidizer pump housing temperature was to be 350’R instead of the 
predicted 500°R, then: 

2 

a. Cooldown (350®R/. 05 in. valve area) requires 40 sec and 
2.95 lb O 2 (read from figure C-43). 

b. Flowrate at end of cooldown (+40 sec) = .97 Ib/sec (read from 
figure C-47). 

Therefore total O 2 used = 2. 95 + .97 (89 -40) = 50.4 lb. 

Case No. 3 


If 5 sec overcooling of oxidizer pump is desired, then; 

a. Flowrate at end of minimum cooldown of +89 see (500®R/ 

.05 in? valve area) = .97 Ib/sec (read from figure C-47). 

b. Minimum consumption = 5.6 lb O 2 (read from figure C-43). 

Therefore total O 2 used = 5.6 + (.97) (5) = 10.5 lb. 

Fuel cooldown requirements are obtained in a manner similar to that 
shown for the oxidizer. 
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Figure C-1. Propellant Flow Schematic for Category I Engine 
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Figure C-3. RLIO Derivative IIA Engine Propellant Flow Schematic 
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Figure C-18, Estimated Effect of Engine Fuel DF 965K) 

Inlet Pressure on Maneuver Thrust 
Operation, Derivative IIA Engine 
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Figure C-19. Estimated Effect of Engine Oxidizer DF 9G517 

Inlet Pressure on Maneuver Thrust 
Operation, Derivative IIA Engine 
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Figure C-23. Estimated Effect of Engine Oxidizer DF 86521 
** Inlet Pressure on Pimipcil Idle 

Operation, Derivative IIB Engine 
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Figure C-24. Estimated Effect of Engine Fuel Inlet DF 96522 
Pressure on Full Thrust Operation, 

Derivative IIB Engine 
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Figure C-2f). Estimated Effect of Engine Oxidizer DF 9(>523 
Inlet Pressure on Full Thrust Opera- 
tion, Derivative IIB Engine 
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Figure C-27* Effect of Pressurization Flow on DF 96608 

Engine Performance at Full Thrust, 

Derivative IIA Engine 
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Figure C-29. Estimated Effect of Engine Oxidizer DF 96771 
Inlet Pressure on Maneuver Thrust 
Operation, Category IV Engine 
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Figure C-30. Estimated Effect of Engine Fuel Inlet DF 90772 
Pressure on Full Thrust CTj^cration, 

Category IV Engine 
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Figure C-31. Estimated Effect of Engine Oxidizer 
Inlet Pressure on Full Thrust 0|>crn 
tion. Category IV Engine 
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Figure* C-32. Hffoct of Pressurization Flow on I3F 96774 

Engine- Performance at Full Tlmist, 

Category IV Engine 
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Fi^ire C-4H, Fuel Cooldown Consumption Characteristics, Categorj" I Engine, 20 psia, 0 NPSP DF 95033 
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Figure C-51. Fuel Cooldown Consumption Characteristics, Category I Engine, 24 psla, 4 NPSP DF 95636 
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Figure C-53. Estimated Start Transient Thrust vs Time, Category I Engine 
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Figure C-55. Tank Head Idle Transient Thrust, Derivative HA Engine 
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SECTION D 

ENGINE ELECTRICAL REQUIREMENTS 

1. GENERAL 


!•! Engine Ignition and Controls Electrical Requirements 

The engines require a 28 vdc electrical supply for propellant valve actua- 
tion, the engine ignition system, instrumentation power supply and the heater for 
environmental control of the instrumentation enclosure, and extendible nozzle 
translating mechanism drive motor (except for Category I engine). Steady- 
state 20-30 vdc is acceptable. The estimated current demand characteris- 
tics are shown in figures D-1 through D-3. Specific cui'rent requirements are 
given in table D-1. 

Table D-1. Engine Current Requirements 


Engine 

Category I Derivative IL\ Derivative IIB Category IV 


Ignition System 


(each exciter), amp 

2.5 

2.5 

2.5 

1.25 

Solenoids (each), amp 

2.0 

2.0 

2.0 

1.0 

Instrumentation, amp 

0.3 

0.3 

0.3 

0.3 

Heater, ♦ amp 

2.0 

2.0 

2.0 

2.0 

♦Thermostatically controlled heater operating intermittently 

to control the en- 


vironment of the instrumentation enclosure. 


The Category I engine ignition system requires 2. 5 amp for a minimum of 
1.5 sec during each starting cycle. The Derivative IIA and IIB, and Category IV 
engines require 5. 0 amp and 2. 5 amp for their respective ignition systems which 
can be deenergized 1. 5 sec after initiation of the transition from tank head idle to 
maneuver thrust (pumped idle) operation. 

The maximum current demand for the Category I occurs at the time of the 
start signal while for the Derivative IIA and IIB, and Category IV engines the 
peak demand occurs during pumped idle. In addition to the current demands 
previously shown in figures D-1 through D-3, an Intermittent demand by the 
instrumentation box heater for 2 amp may occur during the engine operational 
period. The two nozzle ti'anslating mechanism electric drive motors require a 
total of 3.2 amp (at 28 vdc) for one minute when the extendible nozzle is deployed 
or retracted. Two motors are used for redundancy to increase the translating 
system reliability. The extendible nozzle is translated while the engine is in a 
nonfiring condition. 

1.2 Engine Instrumentation Requirements 

Engine Instrumentation required to provide for engine readiness checks, 
system performance verification, engine control and malfunction detection is 
) shown in table D-2. Figure D-4 shows a typical instrumentation schematic. 
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(1) I' e 1 (B* to 95 Sf, percent of fiUl scale t»lc8s Indicated otherwise. 

<2) Two switches required (nozzle retracted and nozzle extended |K>sltionsl. 
(3) Three measurements for Categor>- I, four required for all other engines. 
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SECTION E 

ENGINE FLUID REQUIREMENTS 


1. GENERAL 

1.1 Propellant Criteria 

1.1.1 Fuel 

Liquid hydrogen must be supplied in accordance with MSFC Sjiecifica- 
tion No. 365A or MIL-P-27201 at the nominal weight flowrates shown in table E-1 
(full thrust and a nominal mixture ratio of 6. 0): 

Table E-1. Nominal Fuel Flowrates 

Engine Weight Flow, Ib/sec 

Category I 4. 89 

Derivative IIA 4.69 

Derivative IIB 4.69 

Categoiy IV 4. 56 

The hydrogen must be supplied within the limits specified on figures E-1 
through E-3. The effects of mixture ratio on minimum fuel NPSP requirements 
are shown in figure E-4. 

1.1.2 Oxidizer 

Liquid oxygen must be supplied in accordance with Specification No. 
MIL-P-25508 or equivalent at the nominal weight flov/rates shown in table E-2 
(full thrust and a nominal mixture ratio of 6. 0): 

Table E-2. Nominal Oxidizer Flowrates 


Engine 

Weight Flow, Ib/sec 

Category I 

29.3 

Derivative IIA 

28.14 

Derivative IIB 

28.14 

Category IV 

27.36 


'Fhe oxygen must be supplied within the limits specified on figures E-5 
through E-7. The effects of mixture ratio on minimum oxidizer NPSP require- 
ments for the Category I and Derivative IIB engines are as previously shown in 
figure E-4. 

1.1.3 Propellant Ventage 

llie ventage of propellant overboard is shown in table E-3. 
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Table E- 

•3. Nominal Ventage of Fluid Overboard 


Engine 

Engine Not 
Operating, 
Ib/mln 

Tank Head 
Idle, 
Ib/mln 

Pumped 

Idle, 

Ib/mln 

Full 

Thrust, 

Ib/mln 

A. 

Hydrogen 






Category I 

0. 00023 

N/A 

N/A 

4.8* 

i 

Derivative IIA 

0.00004 

0.1 

0.4* 

1.1* 

i 

Derivative IIB 

0.00023 

0.1 

0.4* 

1.0* 

1 

Category IV 

0. 00004 

0.1 

0.4* 

1.1* 

1 

Oxygen 





1 

Category I 

0. 0047 

N/A 

N/A 

1.5 


Derivative IIA 

0.0009 

0.1 

1.2* 

3.0* 

i 

Derivative IIB 

0. 0047 

0.1 

0.6* 

1.5* 

j 

Category IV 

0. 0009 

0.1 

1.2* 

3.0* 


♦Does not include tank pressurization flow 


1.2 Pneumatic Requirements 

The engine systems require a 470 ± 30 psia supply of gaseous helium to the 
engine helium supply connection. This pneumatic supply of regulated helium 
actuates various valves such as the fuel and oxidizer inlet valves, vent valve, 
main fuel shutoff s alve, and turbine bypass valve. The estimated total helium 
usage is 0.044 lb for each firing. Leakage from the pneumatic system is sum- 
marized in table E-4. 


Tabic E-4. Estimated Pneumatic Requirements 


Engine 

Nonoperating, 

Ib/mln 

Tank 

Head Idle, 
Ib/rnin 

Maneuver Thrust 
(Pumped Idle), 
lb/ min 

Full 

Thrust, 

Ib/min 

Category I 

0. 0018 

N/A 

N/A 

0.0018 

Derivative IIA 

0.0006 

0.0018 

0.0018 

0.0018 

Derivative IIB 

0.0006 

0.0018 

0.0018 

0.0018 

Category IV 

0.0001 

0.0003 

0.0003 

0.0003 


1.3 Engine Purge Requirements 


In order to prevent moisture contamination of the RLIO derivative engines, 
a purge Is required while on the ground and during the descent phase when the 
Tug is in the Orbiter, Dry, 500° R helium in accordance with MIL-P-27407 is 
to be supplied at a pressure of c pfsig. It is recommended that the helium be 
supplied to the englne ecwnbustion chamber through the nozzle, the exit of which 
yen t the purge gas from flowing out the nozzle. Thc,p«rge 
gas will therefore enter the propellant injector and flow into both the and 
oxidizer sides of the engine. The purge gas fills the oxidizer^^s^^^T^ith a small 
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portion of it flowing past the oxidizer shaft seals Into the vent cavities, and then ^ 
( \ overboard. The purge flows back through the fuel side of the engine and over- 

^ board through the fuel vent or fuel pump interstage bleed and discharge cooldown 

valves which are open when the Category I and Derivatives IIA and IIB engines 
are in a nonoperating mode. In the Category IV engine, me fuel-side purge goes 
overboard through the main fuel control vent. The estimated helium purge flow- 
rate Is 7 Ib/hr. 
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Figure E-1. RcQuired Fuel Conditions at Engine Inlet, 
Category I Engine 
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Figure E-3. Required Fuel Conditions at Engine Inlet, DF 96907 

Derivatives IIA and IIB and Category IV 
Engines Maneuver and Full Thrust 
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Figure E-5. Required Oxidizer Conditions at Engine 
Inlet, Category I Engine 
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Figure E-7. Required Oxidizer Conditions at Engine Inlet, DF 96908 
Derivatives IL\ and IIB and Category IV Engines 
Maneuver and Full Thrust 
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I ij SECTION F 

t ENVIRONMENTAL CRITERIA 


t 

i. 

i 

r’ 

i 


I, GENERAL 

The RLIO derivative engines (C tegory 1, Derivative II A and MB, and 
Category IV) will withstand the space environment as well as the environments 
induced while the Space Tug is stowed in the Space Shuttle orbiter cargo bay 
as specified in JSC 07700, Volume XIV, dated 13 April 1973. 


1.1 Pressure Environment 


The RLIO derivative engines will be unaffected by environmental pressures 
ranging from normal ground level ambient pressure tn ’^acuum pressures en- 
countered in the orbiter cargo oay and/or space environment. 

1.2 Temperature Environment 

The RLIO derivative engines will not suffer any detrimental effects in 
temperatures of 3G0Tt to GGO^R when in the Space Shuttle payload bay or in a 
space environment. 


1.3 Acoustic Envirenment 



The engines will v ithstand an estimated acoustic impingement of 147 db over- 
all sound pressure level (0.0002 dynes/cm-) over the frequency of 7 to 3000 Hz 
when in the Space Shuttle payload bay, per figure 10-4, JSC 07700, Volume XIV. 

1.4 Humidity Environment 

The derivative engines will not be adversely affected by the following: 

Air humidity - 0 to 43 grains/lb of dry air 
GN 2 humidity - 0 to 1 grain/lb of diy nitrogen 

1.5 Shock Loads 


The derivative engines are capable of withstanding the loads cited in 
Section G. 

1,6 Vibration Environment 

The engines will withstand externally imposed vibration environmental 
conditions from any source to the extent shown in the following paragraphs. 

The vibration requirements listed below are for the RLlOA-3-3 specification. 
Further study in this area will be required when the payload bay vibration require- 
ments are defined. (Figure 10-1, JSC 07700, Volume XIV, to be supplied.) 
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1.6.1 Axial Direction 

1. 6. 1. 1 Sinusoidal Sweep Level 

The sinusoidal sweep level in the axial direction is; 

a. 10 to 16 Hz at 0. 15 in. double amplitude 

b. 16 to 480 Hz at 2 g peak or PV'O lb actuator load, whichever 
occurs first 

c. 480 to 1000 Hz at 0.00017 in. double amplitude 

d. 1000 to 2000 Hz at 8. 7 g peak 

e. Sweep rate of 3 min/octave up and back 

f. 10 to 100 Hz at 3 g peak or 570 lb actuator load, whichever 
occurs first, at a sweep rate of 6 sec/octave (up only). 

1.6. 1. 2 Sinusoidal Dwell Level 

The sinusoidal dwell level in the axial direction is: 

a. 10 to 16 Hz at 0. 073 in. double amplitude 

b. 16 to 465 Hz at 1.0 g peak nr 570 lb actuator load, whichever 
occurs first 

c. 465 to 975 Hz *0. 00009 in. double amplitude 

d. 975 to 2000 Hz at 4.35 g peak 

e. 6 min dwell time per major resonance. 

1.6. 1.3 Random Motion Level 

The random motion level in the axial direction has broadband random white 
noise over 20 to 2000 Hz bandwidth for 16 min at 0. 031 g^/Hz. 

1.6.2 Lateral Direction 

1.6. 2.1 Sinusoidal Sweep Level 

The sinusoidal sweep level in the lateral direction is as follows; 

a. 10 to 12 Hz at 0.27 in. double amplitude or 570 lb actuator 
load, whichever occurs first 

b. 12 to 500 Hz at 2 g peak or 570 lb actuator load, whichever 
occurs first 
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c. Sweep rate of 3 mln/octave up and back 

d, 10 to 100 Hz at 3 g peak or 570 lb actuator load, whichever 
occurs first, at a sweep rate of 5 sec/octave (up only), 

1.6. 2. 2 Sinusoidal Dwell Level 

The sinusoidal dwell level in the lateral direction is; 

a. 5 to 500 Hz at 0.66 g peak or 570 lb actuator load, whichever 
occurs first 

b. 16 min dwell time at each major resonance. 

1.7 Contamination 

Engine operation will be unaffected by TBD contamination levels. 

1.8 Radio Frequency Environment 

Electrical components for all ULIO derivative engines will not cause radio 
Interference beyond the limits specified in MIL-I-C181. The interference limits 
specified in 3.2.2 of MIL-I-6181 for Ignition components and other short duration 
interferences shall apply. This provides no limitation during the short duration 
transients while the solenoid and ignition systems are being switched "on" and 
"off", and there is a 20-db increase over the limit during the period while the 
ignition system is operating. These radio frequency requirements are from 
the RLlOA-3-3 specification and further study in this area will be required upon 
definition of the radio frequency environment. 
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SECTION G 

ENGINE LOAD CHARACTERISTICS 


1. GENERAL 

1, 1 Allowable Gimbal Loads 

The engine can be gimbaled through an angle about the engine geometric 
centerline (square pattern) while firing. The ostiaiated maximum allowable 
loads due to gimbal actuation and the gimbal angle are shown In table G-1. 

Table G-l. Estimated Maximum Allowable Loads Due to Gimbal 
Actuation and Degrees of Gimbal 



Category 

I 

Engine 

Derivative Derivative. 

HA IIB 

Category 

IV 

Maximum allowable 
actuator load, lb 

2640 

2640 

2640 

2640 

Maximum pitching 

acceleration, 

rad/sec2 

1 

1 

1 

1 

Maximum yawing 

acceleration, 

rad/sec2 

1 

1 

1 

1 

Gimbal angle, deg 

±4 

i4 

±4 

+4 


The maximum allowable actuator shock load is 2640 lb with a minimum 
time interval of 2 sec between successive shocks for all engines. 

1. 2 Nonfiring Loads 

1.2.1 Ground Handling Loads 

The engines will withstand an estimated 4.0-g handling load applied in any 
direction while installed in their handling frame, and will withstand an estimated 
3.0-g axial acceleration load in combination with a 2. 8-g lateral acceleration 
load during ground handling without the handling frame installed, but with the 
engines supported at normal interfaces as defined on their installation drawings. 
The maximum handling load on a single gimbal actuator attach point shall not 
exceed 3.6 g. 

1.2.2 Nonfiring Flight Loads and Landing Loads 

The Category I, Derivative HA and IIB, and Category IV engines will with- 
stand the acceleration load conditions specified in table 4-1 of JSC 07700, Vol- 
ume XIV during nonfiring flight, but the engines must be supported at normal 
interfaces as defined on their installallon drawings. The maximum estimated 
load on a single gimbal actuator attach point shall not exceed 3.G g. 
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SECTION H 

WEIGHT CHARACTERISTICS 


1. GENERAL 

1, 1 Engine Dry and Wet Weight 

The estimated maximum dry weight Df each category engine, and the esti- 
mated wet weight at normal operating conditions are shown in table H-1, 


Table II-l. Maximum Engine Weight and Propellant 
Weight (Estimated) 


Engine 

Basic Dry 
Weight, lb 

Propellant 
Weight, lb 

Total Wet 
Weight, lb 

Category I 

301 

8 

309 

Derivative IIA 

513 

14 

527 

Derivative IIB 

474 

8 

482 

Category IV 

424 

12 

436 


The standard equipment weight included in the engine dry weight consists 
of; (a) instrumentation kit, including pressure transducers, temperature and 
pressure probes, speed sensor, tubing and mounting provisions for transducers, 
(b) control solenoids, and (c) propellant tank pressurizing valves. 

1.2 Items Not Considered in Engine Weight 

The engine weight does not include the weight of the gimbal actuation arms 
and support system, equipment driven by the accessory drive, the propellant 
utilization motor and signal system, and nonpropulsive vents. 

1. 3 Center of Gravity 

The estimated center of gravity for each engine is shown in table H-2 
(refer to figure H-1). 


Table H-2. Engine Center of Gravity Location 



Axial (x), Nozzle 
Retracted, in. 

Axial (x). Nozzle 
Extended, iu. 

Horizontal 

( y ). in. 

V'ertical 
(z), in. 

Category I 

N/A 

26.0 

4.5 

1.5 

Derivative IIA 

25.6 

37.6 

1.5 

2.8 

Derivative IIB 

26. 1 

39.2 

1.0 

2.2 

Category IV 

20.9 

30.7 

0 

1.7 
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1.4 Gimbaled Momenta of Inertia 

Estimates of gimbaled moments of inertia are presented in table H-3. 
(Refer to previously shown figure H-1. ) 


Table H-3. Engine Gimbaled Moments of Inertia 


Engine 

^xx* 

In. -Ib-sec 

Vy’ 2 

in. -lb-sec"^ 

2 

in. -lb-sec^ 

Category I 

112 

725 

703 

Derivative IIA 

505 

3610 

3585 

Derivative IIB 

480 

3540 

3520 

Category IV 

325 

2275 

2245 









